A sex-steroid binding protein (SBP) that binds both testosterone and estradiol-17D was identified in the plasma and ovarian interstitial fluids of the spotted seatrout, Cynoscion nebulosus. Scatchard analysis revealed a single binding component with dissociation constants of 4.89 ± 0.19 and 3.13 ± 0.11 nM and binding capacities of 423 ± 25 and 482 ± 24 nM for testosterone and 1713-estradiol respectively (n = 5). Competition studies demonstrated that the seatrout SBP had a high affinity for a range of estrogens and androgens; much lower affinity for 1 l-ketotestosterone, progesterone, and pregnenolone; and even lower affinity for cortisol and the maturation-inducing steroid, 17a,20I,21-trihydroxy-4-pregnen-3-one. The rates of steroid association and dissociation were very rapid with a t,2 of less than 30 sec for ligand association and 90 sec for ligand dissociation. Testosterone binding activity precipitated between 40 and 60% ammonium sulphate saturation and eluted as a single peak with an estimated molecular mass of 150 kDa on Sephacryl S-200. Electrophoresis of plasma on native PAGE over a range of acrylamide concentrations gave a molecular mass estimate of 135 kDa. The migration of 17g-estradiol binding activity on native PAGE was identical to that of the testosterone binding activity. Steroid binding activity was destroyed by exposure to EDTA or dithiothreitol (DTT), or to temperatures above 50 0 C. The SBP found in the ovarian interstitial fluids was similar to the plasma binding protein in terms of saturability, affinity, specificity, association and dissociation rates, stability, and molecular weight.
INTRODUCTION
In most vertebrate species, sex steroid hormones are carried in the bloodstream largely bound to specific highaffinity sex-steroid binding proteins (SBP) and to lower-affinity proteins such as albumins [1] . Although the functions of SBP, also known as sex-hormone binding globulin (SHBG) and testosterone-estradiol binding globulin (TeBG), are not fully understood, SBPs are believed to protect steroids from rapid metabolic degradation [2] [3] [4] and to play a role in regulating the amount of steroid that is available to target tissues [5, 6] .
SBPs have been purified and fully characterized in a small number of mammalian species including humans, baboons, monkeys, rabbits, cattle, and dogs [7] [8] [9] [10] [11] [12] . SBPs in these species are dimeric proteins composed of identical protomers with varying degrees of glycosylation [13] . The two subunits dimerize to form a glycoprotein of approximately 90 kDa with a single steroid binding site. An SBP with a molecular size similar to that of the human SBP has been isolated from the toad [14] , but it was not sequenced or further characterized.
Steroid binding activities have been identified in the plasma of a much wider range of vertebrates, including several species of reptiles [15] [16] [17] [18] , amphibians [19] [20] [21] [22] , teleosts [23] [24] [25] [26] [27] [28] , elasmobranchs [29] [30] [31] [32] , and an agnathan [33] . In-terestingly, plasma SBPs are absent in all avian species studied thus far [34] and in several mammals including the mouse, rat, guinea pig, donkey, horse, pig, elephant, and camel [13] .
The affinity and specificity of plasma SBPs vary greatly among mammals and other species of vertebrates. Examination of the literature suggests that the affinities of SBPs are related to the normal circulating steroid concentrations, with higher-affinity binding in species with low circulating steroid levels and low-affinity binding in species with high steroid concentrations. The diversity in steroid specificity among vertebrates is considerable and shows no clear phylogenetic pattern. Plasma SBP in the sea lamprey binds estrogen and progesterone [33] ; SBP in the water snake binds testosterone, estradiol, progesterone, and corticosterone [18] ; SBPs in elasmobranchs and the turtle bind testosterone, estrogen, and progesterone [15, [29] [30] [31] [32] ; SBPs in the alligator, several species of teleosts, amphibians, and primates bind testosterone and estrogen [13, 17, 19, 20, 22, 24, 26] ; and SBPs in most mammalian species bind mainly androgens [13] . However, the small number of species studied in each of these groups and the lack of biochemical characterization of the binding proteins in most species precludes a phylogenetic interpretation of the distribution or relation of SBPs across vertebrates.
The purpose of this study was to identify and partially characterize SBPs in the plasma of the spotted seatrout, Cynoscion nebulosus. The spotted seatrout is a marine teleost belonging to the sciaenid or drum family of perciform teleosts. It is a common sport fish throughout the coastal waters of the Gulf of Mexico and has a seasonal reproductive cycle during which it can spawn multiple times. Its reproductive biology and physiology have been well studied, and it has become a model species for the study of reproductive endocrinology and toxicology in teleosts. SBPs have been partially characterized in only two other species of teleosts, the goldfish and rainbow trout, and have not been studied at all in perciformes, which is the largest order of vertebrates, with nearly 7000 species. During preliminary studies on the effects of intraovarian factors on ovarian steroid secretion in the spotted seatrout [35] , we discovered the presence of steroid binding activity in ovarian extracts. In this paper we describe the development of an assay to measure plasma steroid binding activity, characterize this binding activity, and provide some preliminary data on the physiochemical characteristics of a protein that binds sex steroids in this species.
MATERIALS AND METHODS

Sample Preparations
Blood was collected in heparinized tubes from the caudal artery of anesthetized spotted seatrout, Cynoscion nebulosus, and centrifuged at 3000 x g for 20 min to obtain plasma, which was stored at -80 0 C.
Ovarian interstitial fluids (OIF) were collected from wildcaught spotted seatrout for the study of intraovarian factors. Ovaries were removed from fish and dissected to expose the inner lamellae containing the developing follicles. The ovarian tissues were scraped free from the ovarian epithelium and suspended in two volumes of ice-cold 325-mM ammonium acetate buffer, pH 7.6, and stirred for 30 min. The suspension was then centrifuged for 20 min at 10 000 x g, and the supernatant, which contained the interstitial fluids, was filtered (0.45-um pore size) and stored at -20°C. Aliquots were dialyzed against 50 mM NH 4 HCO 3 buffer in 3500 MWCO dialysis tubing (Spectrum, Houston, TX) and lyophilized in a Speed Vac (Savant, Farmingdale, NY).
Removal of Endogenous Steroids
It is common to treat samples with dextran-coated charcoal (DCC) to strip endogenous steroids prior to assay for steroid binding activity. However, charcoal treatment is often unnecessary [36] and may actually result in a loss of binding activity [37] . Therefore, we examined the effect of preincubating tissue preparations with a range of charcoal concentrations (0 to 25 mg-ml -') prior to assay.
Steroid Binding Assay
Testosterone binding was initially analyzed with use of both the DCC and ammonium sulphate (AS) precipitation methods [8, 36] for the separation of bound and free steroid. [1, 2, 6, H]Testosterone (specific activity 91.3 Ci-mmol -') and [6, H]estradiol-17{3 (specific activity 49.5 Ci-mmol -') were obtained from New England Nuclear (Wilmington, DE), and unlabeled steroids from Sigma (St. Louis, MO) and Steraloids (Wilton, NH). Each sample was assayed in duplicate with radiolabeled steroid in all tubes and greater than 100-fold excess unlabeled steroid in the nonspecific binding tubes. Each tube received 50 Rzl of tracer, 50 xl1 of competitor (nonspecific binding) or buffer (total binding), and 150 xl1 of sample in 50 mM phosphate buffer, pH 7.6, containing 0.1% gelatin (PG buffer). Assay tubes were equilibrated for 30 min at room temperature and then overnight at 4C. Incubations were terminated by placing the tubes on ice and adding either 1 ml of DCC (10 mg Norit-A/1 mg Dextran T-70) or saturated AS. Tubes were then vortexed and centrifuged at 3000 x g for 6 min; the resulting supernatants were poured into 7-ml scintillation vials containing 5 ml liquid scintillation cocktail (toluene, 10% methanol, 0.4% diphenyloxazolyl [PPO], 0.01% 1,4-bis[5-phenyl-2-oxazolyl]-benzene [POPOP]) and were counted on a Beckman LS 6000SC scintillation counter. Samples analyzed by the AS technique were mathematically transformed to dpm bound. The effects of sample dilution, buffer pH, inclusion of glycerol, charcoaling time, and AS concentration were examined to optimize each assay. All subsequent assays were run according to the DCC procedure on samples diluted 200-fold in PG buffer at pH 7.4.
Characterization of Steroid Binding Activity
Plasma samples from five adult seatrout were thawed, diluted 200-fold, and incubated overnight with 0. ) for each sample were determined by means of Scatchard transformation of data followed by simple linear regression analysis, and selected data were also analyzed by use of LIGAND [38] to estimate the number of binding components.
Steroid specificity was determined in both plasma and OIF by incubating pooled samples with 10 nM [ 3 H]testosterone and 0-, 1-, 10-, 100-, or 1000-fold excess unlabeled steroid. Competitive binding was investigated for the 22 steroidal compounds shown in Table 1 . The relative binding affinity was estimated by comparing the ability of competing steroids to displace 50% of the specifically bound [ 3 H]testosterone to that of unlabeled testosterone.
The rate of steroid association with the seatrout SBP was determined by measuring the specific binding of [ 3 H]testosterone after incubation periods of 30 sec to 24 h. The rate of dissociation was determined by first allowing samples to equilibrate with tracer for 24 h before the addition of 100-fold excess unlabeled testosterone for periods of 30 sec to 24 h prior to addition of charcoal.
Partial Characterization of the SBP
Temperature stability of seatrout SBP was examined by incubating plasma and OIF samples in a water bath for 20 min at set temperatures ranging from 40°C to 70 0 C followed by the assay for testosterone binding activity. In preliminary trials using EDTA-and DTT-containing buffers and in a previous study [39] , we were unable to detect high-affinity steroid binding activity in spotted seatrout plasma. Therefore, we examined the effects of EDTA and DTT on binding activity in blood and OIF. Samples were diluted as before in assay buffer supplemented with either 1 mM EDTA, 5 mM DTT, or both, and were assayed for testosterone binding activity as previously described.
AS precipitation is a common first step in the purification of SBPs [7, [9] [10] [11] [12] and is also used to separate free and bound steroid in clinical assays of plasma SBP [40] . However, initial attempts at precipitating prelabeled samples by varying the AS concentration gave inconsistent results. Therefore, steroid binding activities in resuspended AS precipitates of seatrout plasma and rabbit serum were compared over a range of salt concentrations. Blood samples from each species were thawed and diluted 1:10 in PG buffer. Two-milliliter aliquots were mixed with sufficient volumes of Milli-Q water and saturated AS to achieve 0, 20, 30, 40, 45, 50, 55, 60, 65, 70 , and 80% saturated AS concentrations in 20-ml volumes. Each sample was allowed to equilibrate for 2 h at 4 0 C before being centrifuged for 30 min at 10 000 x g. The precipitated proteins from each cut were resuspended in assay buffer, and aliquots were assayed for testosterone binding activity.
The major steroid binding fractions'from AS precipitation were loaded onto a 2.6 x 96-cm column of Sephacryl S-200 HR (Pharmacia, Piscataway, NJ) equilibrated with 50 mM NH 4 HCO 3 buffer at 4C. Proteins were eluted with use of the same buffer at a flow rate of 0.5 ml-min-and collected in 6-ml fractions. Aliquots from each fraction were analyzed by absorbance at 280 nm and assayed for testosterone binding activity. Molecular size estimates were calculated from the elution of known molecular weight markers (Sigma Kit W-GF-200, Sigma).
The molecular weight of the seatrout SBP was also estimated by use of non-denaturing gel electrophoresis according to the methods of Ornstein [41] and Davis [42] under steady-state conditions as described by Ritz6n [43] . Samples were run on polyacrylamide tube gels (0.5 x 13 cm) containing 1 nM [ 3 H]testosterone at a constant current of 2 mA-tube -'. After electrophoresis, gels were hand-sliced into 2.5-mm sections that were then extracted in 5 ml scintillation cocktail and counted on a Beckman LS 6000 SC liquid scintillation counter. The relative mobility (Rf) of seatrout SBP was calculated as the ratio of the migration distance of the steroid binding activity to that of the dye front. The Rfs were determined for the seatrout SBP and for five known molecular weight markers at 5, 6, 7, 8, and 9% total acrylamide concentrations. The retardation coefficients (KR), determined from Ferguson plots (slope of 100 [log (Rf x 100)] vs % gel concentration), for each protein were plotted against its molecular weight on a double log scale to produce a linear relation from which the molecular size of the seatrout SBP was estimated [44] .
We also examined the electrophoretic elution of [ 3 H]testosterone binding activity in OIF samples for comparison with that for the plasma SBP, and, finally, we substituted [ 3 H]estradiol-17[ for [ 3 H]testosterone to determine whether proteins of similar molecular size were binding both steroids.
RESULTS
Assay Development
Initial attempts to detect SBPs in plasma and OIF were simultaneously conducted using either TRIS-EDTA-DITGlycerol (TEDG) buffer, pH 7.5, or PG buffer. Assays with TEDG buffer exhibited no detectable steroid binding whereas those conducted with PG buffer showed the presence of a high-affinity testosterone binding component. Therefore, PG buffer was used in all subsequent studies.
Stripping endogenous steroids by incubation with DCC at concentrations up to 5 mg-ml-' prior to assay resulted in greater ligand binding in OIF preparations (Fig. 1 ) but did not increase steroid binding in plasma samples (data not shown). However, incubations with charcoal concentrations above 5 mg-ml -resulted in a partial loss of steroid binding activity.
Maximum specific binding (i.e., B,,,) of both OIF and plasma samples was greatly influenced by sample concentration (Fig. 2) . Specific steroid binding did not increase linearly across the entire range of concentrations tested for either plasma or OIF samples. Nonspecific binding continued to increase with increasing sample concentration, whereas total binding plateaued. This rise in nonspecific binding resulted in a decrease in specific binding with increasing plasma concentrations ( Fig. 2A) . Therefore, plasma samples were diluted 200-fold, and OIF samples were measured at concentrations of 0.25-1.0 mg proteinml -' in subsequent SBP assays. In addition, buffer type (phosphate vs. Tris) and buffer pH (range pH 6-8) had no effect on binding activity.
The length of exposure to charcoal for the separation of bound from free steroid by the DCC method was critical: the specific binding decreased rapidly over the first 5 min of incubation (Fig. 3) , necessitating the use of short incubation times. Glycerol (10 or 30%) was ineffective in slowing down the rate of dissociation of specifically bound steroid but did slow the rate of absorption of free steroid to DCC and therefore was not included in assay buffers (results not shown).
The AS precipitation technique for the separation of bound and free steroid was evaluated in attempt to overcome problems associated with the high steroid dissociation rate. However, the seatrout SBP required AS concentrations in excess of 60% saturation to complete SBP precipitation. At these higher concentrations, AS also caused the precipita- tion of unbound steroid (data not shown), which resulted in a reduction in nonspecific counts at AS concentrations above 30% saturation (Fig. 4) and led to an underestimation of steroid binding activity. Attempts to reduce precipitation of free steroid by the use of polypropylene tubes or the inclusion of methanol proved unsuccessful. Additionally, inclusion of 10 or 20% methanol resulted in a complete loss of binding activity.
Characterization of Steroid Binding Activity
Affinity and capacity. Saturation and Scatchard analyses were conducted for both [ 3 H]testosterone and [ 3 H]estradiol-173 binding to diluted samples of seatrout plasma. Both steroids bound to the seatrout SBP with high affinity and limited capacity. Saturation plots (Fig. 5) indicated that both steroids began to saturate at about 10 nM. Saturation curves for specific estradiol binding (Fig. 5B) consistently demonstrated a more distinct leveling off than curves for testosterone binding (Fig. 5A) . Scatchard transformation of these data (Fig. 6 ) revealed a linear relationship for the binding of both testosterone and estradiol-170 to the seatrout SBP, which indicates the presence of a single binding site for each steroid. The presence of a single binding site was confirmed by LIGAND. Scatchard analyses of saturation curves of plasma from five animals yielded a mean KD of 4.89 + 0.19 nM and mean binding capacity of 424 -25 nM for testosterone and a mean KD of 3.13 ± 0.11 nM and Bm of 482 + 24 nM for estradiol-171.
Rates of association and dissociation. Radiolabeled testosterone was rapidly bound by the seatrout SBP (tl/ 2 < 30 sec) although specific binding continued to increase for up to 24 h (Fig. 7A) . The rate of dissociation was slightly slower than the rate of association. Incubation of pre-equilibrated labeled-steroid-SBP complex with 1000-fold excess cold steroid resulted in greater than 50% dissociation of the specifically bound labeled steroid from the SBP in 90 sec (Fig. 7B ). There were no marked differences in either the association or dissociation rates between plasma and OIF. The steroid dissociation curve was similar to that for the decrease in specific binding observed during DCC separation of bound from free steroid (Fig. 3) .
Steroid binding specificity. Plasma had a high binding affinity for a number of estrogens (C 19 ) and androgens (C, 8 and a much lower binding affinity for the C 21 steroids (Fig.  8) . OIF preparations had steroid specificities similar to those observed for plasma (data not shown). Androstenediol, 5-dihydrotestosterone (DHT), estradiol-173, and estrone all bound with greater affinity than testosterone, whereas estriol and a synthetic estrogen (diethylstilbestrol) bound with less than 3% the affinity of testosterone. The natural androgens in teleosts, 11-ketotestosterone and 11lp-hydroxytestosterone, showed a slight (12-16%) affinity for seatrout SBP, but the teleostean maturation-inducing steroids (17a-hydroxy-2013-dihydroprogesterone [17oa,20 [3-P 4 ] and 17a,20f3,21-trihydroxy-4-pregnen-3-one [20P-S]), cortisol, and corticosterone bound with less than 4% the affinity of testosterone. A summary of the relative binding affinities of steroids for plasma and OIF is given in Table 1 .
Partial Characterization of the SBP
SBPs from the ovary and blood lost binding activity when incubated for 20 min at temperatures greater than 50°C (Fig.  9) . Binding activity was partially lost after overnight expo- sure to EDTA (1 mM) or DTT (5 mM) and was completely lost after combined exposure to both denaturing reagents (Fig. 10) .
The majority of the testosterone binding activity in the seatrout plasma was precipitated from solution at AS concentrations greater than 60% saturation (Fig. 11) . In comparison, parallel studies demonstrated that the rabbit steroid binding activity precipitated at AS concentrations between 40 and 50% saturation. Furthermore, the seatrout plasma formed protein aggregates that did not pellet to the bottom of the tube, whereas the rabbit serum pelleted at all tested concentrations of AS. 9 . Effect of heat treatment on testosterone binding activity in plasma and OIF. Samples were exposed to set temperatures for 20 min followed by rapid cooling on ice and subsequent assay for testosterone binding activity.
Chromatography of pooled AS precipitates on Sephacryl S-200 yielded a single peak of steroid binding activity eluting at approximately 150 kDa, just ahead of the major protein peak (Fig. 12) . Under native PAGE, testosterone binding activity migrated as a single peak (Fig. 13A) with an estimated molecular mass of 135 kDa based on the electrophoretic migration of plasma steroid binding activity over a range of acrylamide concentrations (Fig. 14) . The migration of testosterone and estradiol-173 binding activities were similar, suggesting that both steroids bound to the same protein (Fig. 13B) . The large peak of labeled steroid in the first few gel slices was also seen in gels run with 100-fold excess unlabeled steroid, indicating that free steroid had migrated into the gel slightly. There were no marked differences in the migration of the ovarian and blood SBPs (Fig. 13C) . testosterone and estradiol-17P with high affinity. The methods used for the preparation and assay of steroid binding activity were shown to have large effects on subsequent results. Denaturing agents such as EDTA and DTT were not included in buffers because they destroyed steroid binding activity. Removal of endogenous steroids with DCC proved unnecessary in plasma samples since they have relatively high SBP levels and could be diluted greatly prior to assay. However, samples containing lower levels of SBPs or high endogenous steroid levels, such as the ovary, did require incubation with DCC to obtain an accurate measurement of SBP concentration.
DISCUSSION
In this study, we compared the DCC and AS precipitation methods for the separation of bound from free steroid. The DCC method gave consistent results as long as the charcoaling procedure was carried out quickly and precisely to reduce ligand dissociation. The AS precipitation technique was not affected by ligand dissociation but yielded lower and highly variable values. Further study demonstrated that the seatrout SBP required AS concentrations in excess of 60% saturation to induce complete precipitation whereas all other SBPs studied to date, including the dogfish, pre- cipitated out of solution at less than 50% AS saturation [7, [9] [10] [11] [12] 31] . The higher concentrations of AS required for the precipitation of the seatrout SBP also caused partial precipitation of free steroid, which prevented the full separation of bound and free steroid. In addition, the seatrout plasma contained lipoproteins that interfered with pellet sedimentation at AS concentrations above 60% saturation; consequently, the AS technique was not suitable for measuring SBP levels in this species.
The spotted seatrout SBP bound both androgens and estrogens with high affinity and limited capacity. The 60% greater affinity of estradiol (KD = 3.1 nM) over that of testosterone (KD = 4.9 nM) may be related to the importance of maintaining high circulating estrogen concentrations during the vitellogenic phase of the reproductive cycle. The affinity of the seatrout SBP is within the normal range of plasma sex steroid concentrations (0.5-10 nM) in this species [45] . Similar high-affinity SBPs with specificity for both testosterone and estradiol have been partially characterized in rainbow trout [24] and goldfish [26] . The affinity of the rainbow trout SBP for testosterone and estradiol is an order of magnitude lower than that of the seatrout or goldfish SBPs. However, plasma sex steroid levels in the rainbow trout are about 10-fold higher than in either seatrout or goldfish [45] [46] [47] .
In this study, we used Scatchard analyses to determine the concentration of SBP in the blood of the spotted seatrout, assuming that each SBP molecule binds a single steroid molecule, as is the case in mammals [13] . Plasma SBP levels ranged from about 370-560 nM in plasma samples from five adult female seatrout. The greater values obtained for the binding of estradiol compared to testosterone may be a result of a slightly lower losses during the charcoaling procedure associated with a higher binding affinity for estradiol than for testosterone. Plasma SBP levels in the seatrout are approximately 10-fold greater than SBP levels in nonpregnant humans and are similar to values described for pregnant humans [37, 48] and several other species of teleosts [26] [27] [28] . In a review of steroid receptors and binding proteins in nonmammalian vertebrates, Callard and Callard [49] point out that binding capacity for a given steroid is related to circulating steroid levels and that as one moves up the phylogenetic tree, plasma levels of both SBPs and sex steroids tend to decrease. It has also been noted that the total binding capacity of the SBPs in the plasma for sex steroids greatly exceeds the concentrations of these steroids in the circulation [26, 27, 49] . High SBP levels facilitate steroid secretion and transport in steroidogenic tissues such as the ovaries and testes [50] and therefore may be maintained at levels appropriate for steroid uptake rather than for binding requirements in the peripheral circulation. However, it should be noted that SBP concentrations are based on estimates of maximum binding capacities at steroid concentrations causing complete saturation of the binding site. These steroid concentrations are much greater than normal plasma steroid levels and are not intended to estimate the steroid binding capacity under physiological conditions.
The rates of association (tl/2 < 30 sec) and dissociation (t,/, 2 of approximately 90 sec) of testosterone with/from the seatrout SBP were extremely rapid, even at 4C, making it technically difficult to get accurate rate estimates. These rates are approximately ten times greater than those in goldfish [26] and humans [51] , but similar to those demonstrated for the testicular androgen binding protein (ABP) in the rainbow trout [52] . It has been proposed that the high rates of dissociation allow for the release of steroids at target tissues [51] , yet still protect steroids from uptake and clearance in tissues [3] [4] [5] . However, the coexistence of both the estradiol receptor and steroid catabolizing enzymes in hepatocytes suggests that the cellular uptake and intracellular transport of steroids to particular regions within the cell must be actively regulated. SBPs may have an important role in this process since high-affinity receptors for SBPs are present on steroid target tissues [53] [54] [55] [56] and SBPs have been shown to enter cells by receptor-mediated endocytosis [54] .
Steroid specificity of SBPs has received considerable attention across vertebrates, due in part to the remarkable species variation in the steroids that are bound. Some of this variation may be explained by the presence of multiple plasma binding components that are difficult to separate on the sole basis of binding characteristics. The seatrout SBP demonstrated high specificity for estrogens and androgens and low binding of C 2 l steroids, somewhat similar to the binding specificity of other teleosts and primates including humans [24, 26, 57] . Earlier studies with humans suggested that there may be separate estrogen and androgen binding proteins [58] ; however, further study demonstrated that a single protein bound both steroids [59] . In the seatrout, the comigration of testosterone and estradiol-173 binding activity under native PAGE and the ability of estrogens to displace labeled testosterone in the specificity studies suggest that a single protein binds both steroids in this species as well. In contrast to those in humans, SBPs in the rabbit and most other mammalian species show very low affinities for estrogens [60] . Sequencing studies have shown that the amino acid sequences of the putative leucine-rich steroid binding region of the human and the rabbit proteins differ in only two positions [61] . It will be interesting to determine whether similar small changes in the amino acid composition of the steroid binding region account for the larger variation in steroid specificity of SBPs seen across vertebrates.
SBPs in the seatrout and several other teleostean species [24, 26] have a remarkably low affinity for 11-ketotestosterone (11-KT), which is the major male androgen in teleosts, including the spotted seatrout [62, 63] . In contrast, the major male androgens in mammals, DHT and testosterone, bind with high affinity to both the mammalian and the teleostean SBPs. In teleosts it has been suggested that the lower binding for 11-KT than for testosterone would make 11-KT more available to tissues and thus might explain the increased potency of this steroid [64] . However, in mammals it is generally believed that SBPs protect the biologically important steroids from clearance and may aid their delivery to target tissues [1] [2] [3] [4] [5] [6] . These contrasting views on the functions of plasma SBPs clearly points out the importance of further study into the physiological role(s) of these proteins.
Although the steroid binding characteristics of plasma SBPs have been studied in a wide range of vertebrate species, the proteins accounting for these binding activities have not been purified and extensively characterized in any nonmammalian vertebrate. Here we demonstrate that the seatrout SBP is a relatively stable protein of large molecular size that retains activity after storage for several weeks at 4°C and for short periods at temperatures up to 50 0 C. However, it is easily denatured by exposure to EDTA, DTrT, and methanol. Similar effects of EDTA and DT have been demonstrated for human SBP [65] , indicating that calcium and disulfide bonds or sulphydryl groups are necessary for stabilization of the tertiary structure. However, studies on rainbow trout [24] and goldfish [26] demonstrated blood testosterone binding activity despite the use of EDTA in the assay buffers.
The seatrout SBP requires about 10% greater AS concentrations to induce precipitation than mammalian and elasmobranch SBPs [7, [9] [10] [11] [12] 31] . Parallel precipitations of seatrout and rabbit SBPs confirmed that the difference in protein precipitation was due to species differences and not a result of differing methodologies. In mammals, this step separates the high-affinity SBPs from corticosteroid binding globulins and lower-affinity binding proteins such as the albumins [36] . The cause of the greater solubility of the seatrout SBP at high salt concentrations is unknown but may relate to differences in glycosylation or amino acid composition.
Gel filtration of the AS-precipitated proteins on Sephacryl S-200 demonstrated a single peak of testosterone binding activity eluting at about 150 kDa. Higher resolution was obtained by examination of the electrophoretic mobility of the seatrout SBP through native polyacrylamide gels over a range of pore sizes, yielding a molecular size estimate of 135 kDa. SBPs in mammals and the toad were shown to have molecular masses of approximately 90 kDa on the basis of similar techniques [13, 22, 66] . It is clear from these studies that the purification and a more complete characterization of the seatrout SBP are required to reconcile these species differences in molecular size and precipitation by AS.
The considerable degree of similarity between blood and ovarian testosterone binding activities (i.e., affinity, specificity, stability, and size) suggests that the ovarian SBP may be derived from plasma. However, the similarity between blood SBP and testicular ABP in mammals also made it difficult to separate these moieties on the basis of their biochemical attributes. Moreover, through the use of molecular techniques, researchers have shown that the liver and testes produce identical transcripts [67, 68] , indicating that earlier described differences between SBP and ABP [69] are due to interspecies heterogeneity and tissue differences in post-translational processing.
In conclusion, we have clearly shown that the spotted seatrout plasma contains a high-affinity estrogen/androgen binding protein with properties that are somewhat similar to those of human SBPs. We are presently in the process of purifying the SBP from spotted seatrout plasma to compare its amino acid composition and N-terminal sequence with mammalian SBPs. In addition, we have begun studying SBP levels in wild populations of spotted seatrout to further examine the relation between plasma SBP levels and ovarian development in this species.
